The aim of this study was to investigate the effect of supplementing the daily intake of whole-fat dairy products with 750ml of milk and 250ml of yoghurt, and the influence of a concomitant program of physical exercise (30-45 min of running/cycling at 60% VO2 max every two-days) in young healthy ovolactovegetarian (n=14) and non-vegetarian control (n=10) athletes. Diet manipulation for a two-month period increased LDL-cholesterol (2.31±0.44 vs 2.51±0.42 mmol/1) and apo B (68±16 vs 75±15 mg/dl) levels as well as LDL-/HDL-cholesterol (1.65±0.47 vs 1.94±0.68) and apo B/apo A1 (0.46-~.15 vs 0.66±0.30) ratios (all p<0.05), in vegetarian but not in nonvegetarian subjects. After two additional months of enhanced physical activity, in vegetarians, apo B levels and LDL-/HDL-cholesterol ratio returned to baseline values, and HDLcholesterol (1.42--~0.36 vs 1.76±0.31 mmol/i) significantly increased. The results show that increasing the intake of whole-fat dairy products impairs the plasma lipid profile in ovo-lactovegetarian subjects. This effect can be reversed by increased regular physical activity.
INTRODUCTION
Diet and physical exercise interact in the development and prevention of ischemic heart disease [1] [2] [3] [4] . Both factors affect the plasma lipid profile [5, 6] . The most potent dietary influence comes from cholesterol and fats rich in saturated fatty acids. This is well documented by crosscultural comparisons of saturated fat/cholesterol intakes, plasma cholesterol concentration, and ischemic heart disease rates [7] . Other components of the diet, such as soluble fiber [8] [9] [10] , source of proteins [11] and other factors [4, 5] may also be of influence. Consequently, there is a place for investigations on the effects of particular foods (not only some of their components) on risk factors for chronic diseases [5, 12] .
Vegetarian subjects present low fat and low animal protein intakes. For most of them, dairy products represent a major source of cholesterol, saturated fat and animal protein in their diet [ 13, 14] . In fact, in vegetarian subjects, LDL-eholesterol concentrations are correlated with dairy products and eggs consumption [15] . In these subjects, an increase in the intake of whole-fat dairy products may have a negative effect on the plasma lipid profile.
A physiological means of influencing diet-induced modifications of the plasma lipid profile is physical exercise. Physical activity favorably influences all three components of the atherogenic lipoprotein phenotype: the high density lipoprotein (HDL)-cholesterol concentration may increase, LDL-cholesterol may decrease, and serum triglycerides can also be reduced [4, 6] . Therefore, the effects of dietary-induced hypercholesterolemia may be attenuated by endurance exercise [6, 16] .
The aim of this study was to investigate in healthy ovo-lactovegetarian subjects a) if an increase in whole-fat dairy products intake effectively modified the plasma lipid profile and b) if tiffs effect could be reversed by physical exercise.
MATERIALS AND METHODS

Subjects:
Fourteen healthy ovo-lactovegetarian men were studied. Their age ranged between 18 and 25 years. They all were students or recent graduates in Physical Education. Informed written consent was obtained from all participants and the Ethical Committee for human investigations of our Institution approved the study. The diet of these subjects included dairy products and eggs but not other animal products. All subjects supplied a personal and familiar medical history devoid of metabolic or cardiovascular disease. For comparison, a matched control group of ten healthy nonvegetarians was also studied.
Procedures:
After a baseline study, all subjects from both groups accepted to have, for the next four months, an extra daily intake of whole fat milk (750ml) and yogurt (250ml). No specific recommendations were given concerning other nutrients. After two months, the subjects were evaluated and then an exercise program was proposed for the next two months. The exercise program had to be practiced in addition to their daily physical and training activities, and consisted of a session of aerobic exercise performed once every two days. Each session consisted in running or cycling for 30-45 rain at a minimal intensity of 60% maximal oxygen consumption (VO2 ~,). These training sessions were done in the laboratory, under the presence of one of the investigators.
At the end of these two months the subjects were re-evaluated. Evaluations consisted of a) control of food intake, b) estimated energy expenditure, c) anthropometric measurements, d) assessment of aerobic capacity and e) analysis of the plasma lipid profile.
a) The control of food intake was evaluated along the study by two different means: 1. Diary. In this diary, the subjects kept a 7-day dietary record during the week before the study (baseline), 8th week (diet) and 16th week (diet + exercise). Previously, they were instructed how to calculate in grams the food portions. These data were introduced in the computer program, analyzed and presented in a dally base. 2. Questionnaires. At entrance, the subjects completed a questionnaire indicating their dietary habits. In addition, during the study, another questionnaire was completed once a week, indicating the food consumed in the previous 24 hours with particular emphasis to dairy products. This intended to check if they were fulfilling the prescribed protocol. The dietary records were analyzed by a computer program and nutrient database adapted to the local diet [ 17, 18] . Throughout the study period, weekly personal interviews were held with each subject to reinforce compliance. The increases in dairy products intake and physical activity were well tolerated by all subjects. b) The quantification of physical exercise as energy expenditure was done by two different means: before beginning with the study (baseline), during the 8th week (diet) and during the 16th week (diet + exercise). 2. Questionnaires. At entrance, the subjects completed a questionnaire indicating their usual physical exercise pattern. In addition, during the study, another questionnaire was completed once a week, indicating the physical and sport activities during the previous 24 hours, including hours of slecla, hours of sitting (or no physical exercise) and hours of slight, moderate or high physical activity. This information was processed in the computer program that uses as database the energy expenditures of industrial, technical and leisure time activities [ 19] . Although some comments have been made about the use of these values [20, 21] , they can be considered still up to date. c) Anthropometric measurements included weight, height, skinfolds thickness, and circumference of arm and leg. Body composition was also determined by near-infrared technology (Futrex 5000).
d) Aerobic capacity was determined using a Med-Graphics Cardiopulmonary Exercise System CPX (St Paul, MN). e) Blood samples for the plasma lipid profile analysis were drawn in the morning after a fast of 12 to 15 h. Plasma cholesterol and triglycerides were measured by enzymatic methods adapted to a Technicon Dax 72 Autoanalyzer (Terrytown, NY). HDL-cholesterol was determined after manganese and heparin precipitation of low and very low density lipoproteins. LDL-cholesterol was estimated by the Friedewald formula [22, 23] . Apolipoprotein B and A1 levels were measured by immunonephelometry (Beckman Immunochemistry System, Brea, CA). The interassay coefficients of variation for these two assays were, respectively, 4.2% and 4.8% [24] . All the assays were performed in the General Clinical Laboratory of the University Hospital. No information was provided to the laboratory concerning the characteristics and eating patterns of the subjects. The Regional Health Authority guaranteed quality control procedures. Time-related variations in the assays were excluded by daily analysis of control sera.
Statistics._
One-way analysis of variance was used to evaluate overall group differences. The Student-t test for either paired or non-paired data was employed to compare pairs of means. Results are expressed as mean+SD, p<0.05 was considered significant. Table 1 . Mean ± SD daily intakes of several dietary components evaluated at baseline, after two months of supplemented dairy product intake (Diet) and after two additional months of enhanced training (Diet+Exercise), in healthy ovo-lactovegetarian (n=14) and non-vegetarian (n=10) control subjects.
Ovo-lactovegetarian subjects
Non-vegetarian control subjects 
RESULTS
Daily intakes of different dietary components for the two groups of subjects are given in Table 1 . At baseline, ovo-lactovegetarian subjects presented lower protein, fat (saturated and monounsaturated) and cholesterol intake than non-vegetarian control subjects. The ratio polyunsaturated/saturated (P/S) fat tended to be (p=0.07) higher in the vegetarian, group. The diet manipulation increased the intakes of protein and saturated fat in both groups. P/S ratio decreased in both groups. Cholesterol intake increased significantly only in the vegetarian group, although it did not reach the high intakes of the non-vegetarian group.
BMI was similar in both groups but percent of fat body mass and percent of lean body mass were respectively lower and higher in the vegetarian group (Table 2) . After dietary manipulation, body weight increased slightly in the non-vegetarian control group but not in the vegetarian group. After the period of enhanced physical activity, a decrease in fat body mass was observed in both groups. As could be expected, energy expenditure increased, although slightly, during this enhanced training period. Physical performance was similar in both groups and was not modified during the study. A slight increase in maximal aerobic power could be observed at the end of the study for the non-vegetarian group (Table 2) . Table 2 . Mean +_ SD daily physical characteristics evaluated at baseline, after two months of supplemented dairy product intake (Diet) and after two additional months of enhanced training (Diet+Exercise), in healthy ovolactovegetarian (n=14) and non-vegetarian (n=10) control subjects. Height was similar in both groups (179±7 vs 177+_5 cm). MAP = maximal aerobic power. The plasma lipid profile during the different study phases for both groups of subjects are given in Table 3 . At baseline, vegetarian subjects, compared to non-vegetarian, only presented significant lower ape B levels. After the first two months of dietary manipulation, the evolution of the plasma lipid profile differed in both groups. In the vegetarian group the increase in dairy products intake induced significant increases in LDL-cholesterol and ape B levels, as well as in LDL-/HDL-cholesterol and ape B/ape A1 ratios. In the non-vegetarian control group, the diet manipulation did not significantly affect the plasma lipid profile ( Table 3) .
The increase in physical activity had a positive influence on both groups. In vegetarian subjects, physical exercise reduced LDL-cholesterol and ape B levels, and increased significantly HDL-cholesterol levels, although this was not accompanied of a similar effect on ape A1 plasma concentration. Consequently, LDL-/HDL-cholestcrol, but not ape B/ape A1 ratio, returned to baseline values. In the non-vegetarian control group, the training program also induced significant reductions in LDL-cholesterol and ape B levels (Table 3) . Table 3 . Plasma lipid profile values (mean ± SD) measured at baseline, after two months of supplemented dairy product intake (Diet) and after two additional months of enhanced training (Diet+Exercise), in healthy ovolactovegetarian (n=14) and non-vegetarian (n=10) control subjects. 
DISCUSSION
The initial premise of this study was to include food pattern differences (higher intake of dairy products), as well as nutrient differences (higher intakes of cholesterol, saturated fat and animal protein), and to investigate the effect on the plasma lipid profile in a group of subjects presenting low intakes of those nutrients. At least in theory, vegetarian subjects could be more sensitive to this type of diet manipulation. Similarly, the positive effect of simultaneous physical exercise, if present, could be more easily appreciated. The results here presented show that in healthy young and physically active ovo-lactovegetarian subjects, an increase in dairy products intake, consisting in 750ml of whole fat milk and 250ml of whole fat yogurt, added to their daily diet, deteriorated the plasma lipid profile. This effect was reversed by a simultaneous increase in physical activity.
Compared to non-vegetarian control subjects, the vegetarian group had a similar level of physical activity but tended (p=0.1) to have a lower total energy intake. Nevertheless, body weight was similar in both groups. This discrepancy could be obviously explained by under-or overreporting during dietary anamnesis, but seven days recall and food frequency questionnaires were highly concordant. Decreased lipid oxidation in vegetarians, which is associated to decreased fat stores [25] , may be an alternative explanation. Although the diet manipulation increased total energy intake and the program of physical exercise increased energy expenses, body weight in the vegetarian group was unaffected. Several reasons can be argued. The adjustment of energy expenditure and substrate oxidation to energy and substrate intakes constitutes an essential process in the maintenance of whole-body homeostasis [26] . Variations in energy intakes are partly compensated by down-regulation of basal metabolic rate, and this is better related to the fat-free mass [23, 27] . In addition, diet-induced thermogenesis is increased with higher protein and fat intake.
Modifications of total fat intake and changes in the type of fat consumed may affect the plasma lipid profile, especially in subjects with low intake of saturated fat and cholesterol, such as vegetarian subjects. In these subjects, the restrictions of a vegetarian diet result in a smaller number of foods to be assessed for saturated fat and cholesterol content. Consequently, evaluation of dietary lipid consumption is easier and, likely, more accurate [15] . In addition, the low range of cholesterol and saturated fat intake of these subjects may be the range in which plasma lipids are more easily influenced by dietary changes.
Diets providing a high percentage of energy derived from fat, as well as diets rich in saturated fat or with a low P/S ratio, generally induce elevations of both LDL-and HDLcholesterol levels [28] . Such diets increase LDL-cholesterol more than HDL-cholesterol levels. This results in a less favorable LDL-/HDL-cholesterol ratio. Our data show that in ovolactovagetarian subjects, increasing the intake of dairy products results in increases in both LDLcholesterol and apo B concentrations, with no change in HDL-cholestcrol. This cannot be attributed to a time-trend effect since the control group was studied in parallel and these variations were not observed.
In strict vegetarians, it has been reported that plasma LDL-eholesterol levels are correlated with the consumption of dairy products [15] . ~ fat contains some of the most commonly consumed saturated fatty acids, such as laurie (C12:0) and myristie (C14:0) acids, that have a more pronounced influence on plasma cholesterol [28] . Fatty dairy products are also rich in cholesterol, which may increase LDL-cholesterol levels [29] . Our results agree with these and other [30] studies.
Regular physical exercise may offset the effect of high intakes of cholesterol, saturated fat or other dietary components on the plasma lipid profile [4, 6] . It has been demonstrated that aerobic conditioning prevented the rise in plasma cholesterol during short-term egg feeding [31] . On the other hand, moderate physical conditioning, in initially sedentary middle aged men, induced significant increases in HDL-cholesterol levels [32, 33] . A small number of studies have analyzed the opposite effects of both dietary modifications and training programs on the plasma lipid profile of well-trained subjects. Kiens et al [34] found no modification in HDL-cholesterol in healthy, welltrained men who consumed a fat-rich diet for 4 weeks, followed by 4 weeks of a fat-poor diet. In physically active subjects, dietary modifications probably require longer periods to induce significant changes in the plasma lipid profile [35] . In addition, the threshold of exercise necessary to modify the plasma lipid profile may differ in sedentary and non-sedentary subjects [36, 37] . In any case, regular physical exercise of moderate intensity helps to prevent dietary-induced changes in the plasma lipid profile. Our results dearly show the ability of exercise to reduce serum lipids of vegetarians consuming high levels of whole-fat dairy products.
In conclusion, a supplemented intake of whole-fat dairy products in healthy young ovolactovagetarian subjects increases LDL-cholesterol and apo B levels. This effect can be reversed by moderately intense regular physical exercise, which, in addition, increases HDL-eholesterol levels.
